Abstract. We undertook a prospective, nonrandomized study with the objective to evaluate the efficacy of salmon calcitonin (sCT) in controlling pain secondary to bone metastases. Our study population consisted of 45 cancer patients with bone metastases (26 men) with a mean age of 64 years (range, 48-70) who had completed chemotherapy, hormonal therapy and radiation therapy at least 30 days prior to enrollment in the study, and had intractable pain despite the use of common analgesics (acetaminophen, nonsteroidal anti-inflammatory agents, opioids) and bisphosphonates. The study medication was a 300-IU dose of sCT administered intravenously daily for 5 consecutive days and repeated every two weeks until no response was noticeable. The analgesic efficacy of sCT was evaluated by means of Huskisson's visual analogue scale and Keele's pain scale; the daily consumption of analgesic drugs and performance status were also monitored. None of the patients managed to completely discontinue the use of other analgesics, but 5 patients (11% of the total number) had an analgesic response that lasted 4 weeks and less than 5% of the patients continued to respond for 6 weeks. No significant side effects were observed. Our data show that intravenous calcitonin administered in a relatively high dose has a very limited therapeutic potential as an adjuvant analgesic for a short period of time in selected cancer patients with bone metastases.
Introduction
Bone pain remains the most common cause of cancer-related pain and its intensity depends on the site of the tumor and progression of the underlying disease (1) . Primary malignant bone tumors are relatively uncommon but approximately 80% of patients with breast, lung and prostate cancer develop bone metastases (2) . More than half of these patients suffer from pain and functional disability and approximately 20% experience a bone fracture and/or hypercalcemia (3) . The fact that approximately 1 in 3 individuals in the developed world develops cancer and almost half of them die of progressive disease highlights the magnitude of the problem of metastatic bone disease (4) .
Multiple modalities are used nowadays to manage metastatic bone pain. Some of them target the tumor itself (e.g. surgery, chemotherapy, radiotherapy and hormonal manipulation) while others target the pain [e.g. acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs), bisphosphonates and opioids]. Unfortunately, the use of conventional analgesics alone or in combination does not always produce a satisfactory analgesic result and may be complicated by undesirable side effects. Therefore, our armamentarium against metastatic bone pain is not complete.
Calcitonin has potential efficacy in reducing pain and improving bone density but its current use for the relief of metastatic bone pain is not very common; characteristically, while it is mentioned in one recent review dealing with the issue of cancer pain (5), another makes no reference to it (6). Mostly low doses (100-200 IU) of sCT have been used in the management of metastatic bone pain (7, 8) . It is also noteworthy that the last clinical study assessing the efficacy of calcitonin in the management of cancer pain was published more than 5 years ago (9) . Therefore, its role as an analgesic has not been clarified to satisfaction.
We studied the analgesic activity of a high-dose (300 units) of intravenous salmon calcitonin (sCT) in 45 patients with bone metastases who suffered from pain, whose treatment with common analgesics (acetaminophen, NSAIDs, opioids) and bisphosphonates had failed, and who had completed their radiotherapy and chemotherapy treatment courses.
Materials and methods
Inclusion and exclusion criteria. Patients were eligible for inclusion in the study if they suffered from metastatic bone (Table I) .
Study design. After enrollment in the study, patients underwent a complete physical examination and basic laboratory work-up including complete blood count and comprehensive metabolic panel. Side effects were monitored and laboratory work-up was repeated before the administration of each new cycle. No patient received chemotherapy, radiotherapy or hormonal therapy during the study period. Intravenous calcitonin was administered once every two weeks until no response was noticeable.
The study protocol was reviewed and approved by the ethics committee of our hospital. All patients gave written informed consent.
Drug administration. The study medication was a 300-IU dose of calcitonin (Miacalcin; Novartis Pharmaceuticals Corp.) diluted in 250 ml of normal saline and administered intravenously over 60 min, every day, for 5 consecutive days. Therapy was repeated every 2 weeks. Premedication included an intravenous bolus of 100 mg hydrocortisone (Solu-cortef; Pharmacia & Upjohn) followed by an antihistamine [4 mg of intravenous dimetindene (Fenistil; Ciba-Geigy)].
Outcome measurement. The primary efficacy end point of our trial was the analgesic response to the study medication as judged from a patient-completed daily pain diary. The intensity of the pain was evaluated by Keele's pain scale and Huskisson's visual analogue scale, before starting therapy and on the 5th, 10th and 14th days after the administration of calcitonin.
We established two stages of analgesic response based on the patients' self-report on their daily analgesic requirements, Table I . Patients' demographics and characteristics. 
Daily administered dose was between 90 and 150 mg.
- Table II . Response to calcitonin administration during the 4 courses of therapy. 
Results
Response to calcitonin therapy. Of the 45 patients initially entering the study, 38 (84%) failed completely by the end of the first cycle and, therefore, received only 1 course of therapy. Accordingly, at the 14th day of the first course, 7 (16%) patients were still responding and proceeded to a second course. From these 7 patients, 5 (11% of the total number of patients) responded to the second course and qualified for administration of the third. During the third course, only 2 patients (4%) showed a response and continued with the fourth course. During the last course, these 2 patients failed to respond (Table II) .
None of the patients managed to completely discontinue the use of other analgesics, and none of them continued therapy after the fourth course since all had pain unresponsive to calcitonin.
Time course of response to calcitonin administration -side effects.
The main analgesic effect of calcitonin appeared during the first 5 days and, secondarily, the next 10 days (Fig. 1) . After this time, the analgesic effect progressively waned, with the longer period of monitored response being approximately 45 days in a small percentage of patients (<4%). No side effects necessitating withdrawal from the study were observed.
Discussion
Despite the implementation of systemic modalities, such as chemotherapy, hormonal therapy, surgery and radiation therapy, and the established role of bisphosphonates, a substantial number of cancer patients still experience pain secondary to bone metastases, which makes the conventional use of analgesics (acetaminophen, NSAIDs, opioids), alone or in combination, necessary. A simple opioid-based regimen will provide successful analgesia in approximately 70% of patients but, unfortunately, without being free of undesirable side effects.
Calcitonin is a hormone produced in the thyroid gland. Its analgesic activity has been demonstrated in humans (7) (8) (9) (10) (11) (12) (13) and animals (14-17), but its mechanism of analgesic action remains unclear. Several hypotheses have been formulated to account for it. Firstly, it inhibits cyclooxygenase, thus lessening the production of prostaglandins and thromboxane A2 in guinea pig lung (18) and humans (19) ; however, other studies have found opposite results (20) . Secondly, it has been shown to increase ACTH, ß-endorphin and cortisol serum levels (21) , indicating a possible role in modulation of the anterior pituitary function, but this is challenged in other studies (22) . Thirdly, specific binding sites for salmon calcitonin have been found in the brain of animals (23, 24) and humans (25) , suggesting a central intrinsic analgesic effect; supported by the successful use of calcitonin as a subarachnoid or epidural injection in humans (26) . Finally, calcitonin has been shown to potentiate the analgesic effect of opioids in animals (27) .
A recent systematic review of randomized, controlled trials (28) showed calcitonin to be effective in the management of acute pain associated with acute osteoporotic vertebral compression fractures, but its use for the relief of metastatic bone pain is not common and even ignored by a recent review on the management of cancer-related pain (6) . Therefore, little information is available about its use in this context. However, Martinez et al (3) recently performed a systematic review of all the available data to determine the effectiveness of calcitonin in reducing metastatic bone pain. Unfortunately, only two studies (including only 90 patients in total) had the methodological quality required by the inclusion criteria. Roth et al (8) compared calcitonin (100 IU administered subcutaneously each day for 28 days) versus placebo administered to a group of 40 women with breast cancer and pain from bone metastases that were followed for one month. The analgesic effect of calcitonin was assessed through analgesic consumption, functional capacity, pain duration, and patient pain selfassessment. There was insufficient evidence that calcitonin is effective for total pain reduction. Blomqvist et al (7) compared calcitonin (100 IU administered subcutaneously each day for three months) versus placebo in 50 women with breast cancer and painful bone metastases who were followed for 24 months. No improvement in general performance or bone pain was detected as measured by a visual analogue scale, the daily duration of pain or consumption of analgesic drugs. The systematic review by Martinez et al (3) concluded that the available evidence was limited, did not support the use of calcitonin to control pain from bone metastases and called for new studies to provide additional information. It should be emphasized that this review did not include the randomised double-blind placebo-controlled clinical trial by Hindley et al (11) because a 4-week cut-off was a prerequisite for inclusion in the review, while the latter study was of two-week duration. At the end of the second week, there was an improvement of pain in significantly more patients in the calcitonin group (5/13, 38%) than in the placebo group (0/12) (Fisher's exact two-tailed probability test, P<0.05). We hypothesized that one reason for the lack of efficacy of salmon calcitonin in the previous studies was the use of low doses; so, instead of using the 100-IU dose (7, 8) , we decided to use a 300-IU intravenous dose that has been previously shown to be efficacious in a study of 34 patients with lung cancer and bone metastases (29) . However, our study results are not as optimistic as those reported by Hindley et al (15) and show that high-dose intravenous salmon calcitonin can help in the management of metastatic bone pain and decrease analgesic requirements in only 10% of patients for a month; the maximum period of recorded response was 45 days and was seen in a small percentage of patients (4%). We also showed that it is difficult to achieve complete relief from bone pain with calcitonin, confirming the findings of Blomqvist et al (7) ; none of our study patients managed to completely stop previous analgesic therapy. Finally, the lack of significant side effects may be attributed to the intravenous route of administration, as nasal administration has been associated with nasal irritation and subcutaneous administration with pain at the injection site. It is also probable that the aggressive premedication regimen consisting of steroids and antihistamines prevented the development of nausea, anorexia and allergic reactions.
Our study has several limitations. First, it was an open, pilot, proof-of-principle study with a small number of patients with heterogeneous malignancies and without a placebo arm, as our main goal was to assess the efficacy, duration of response and safety of high-dose calcitonin. Follow-up lasted two months and measurement of analgesic consumption was based on the patients' self-reports. We also used a rather impractical and expensive dosing schedule of 5-day administration of intravenous calcitonin in a higher than reported dose and, in addition to the difficulty of replicating this in a clinical setting regimen, calcitonin showed very limited therapeutic potential. The discontinuation of the study medication after only two weeks of unsuccessful treatment can be considered a limitation, especially when, in most studies, calcitonin is used for at least 1-3 months (7, 8) . Of note, we used a much higher dose than the one used in those studies (300-IU versus 100-IU) and other investigators have used durations of treatment (2 weeks) similar to that in our study in order to evaluate the efficacy of calcitonin (11) . Without ignoring the cost-containment era in which we practice medicine, we believe it remains to be seen whether a regimen that is suitable for home care and consists of per os steroids, antihistamines and daily high-dose calcitonin (administered intranasally or subcutaneously) can achieve better analgesic results.
In conclusion, our study shows that intravenous calcitonin administered in a relatively high dose has very limited therapeutic potential as an adjuvant analgesic for a short period of time in selected cancer patients with bone metastases, allowing other modalities (e.g. radiation therapy) to take effect and decreasing the need for common analgesics. The abscence of severe side effects and significant drug interactions could make it useful in the management of cancer patients who already receive multiple medications and are, therefore, at increased risk for drug-drug interactions. Further studies are needed to better define the role of intravenous calcitonin in metastatic bone pain.
